Organic agriculture courses and degrees in higher education have become more common in recent decades. In this article, we characterized instructor priorities for organic agriculture education and identified critical concepts and skills to be included in curriculum. We used interviews and surveys to learn from 19 instructors from universities and colleges in the United States. Interviews were recorded, transcribed, and coded for frequency of mentions. The critical concepts most frequently mentioned by instructors were soils, ecological principles, and certification standards. The topics that instructors most frequently mentioned covering occasionally or not at all included social dimensions, climate change, and livestock production. Instructors frequently mentioned the challenges of lack of teaching materials specific to organic agriculture and lack of expertise, given the multidisciplinary span of organic agriculture. Including guest lectures was mentioned as a way to cover topics where instructors felt they had less knowledge or expertise. Instructors stated that the most challenging topics and skills for students to learn included systems thinking, managing nutrients, and performing fertilizer calculations. Our summary highlights the specific concepts that instructors across the United States prioritize in their teaching, laying the groundwork for future curriculum development. They offer valuable insight into the challenges and successes in organic agriculture teaching.
T he organic industry has grown considerably over the past decade, with more than 20,000 USDA certified organic operations in the United States alone, and a retail market valued over US$39 billion (USDA, 2016) . Although this production method only comprises a small percentage of the overall US food market, it provides an alternative market for producers with higher premiums and its growth is largely spurred by a younger generation of consumers (Greene et al., 2017) . When surveyed, more than half of respondents between the ages of 18 and 29 indicated they actively include organic food in their diets (Greene et al., 2017) .
The interest the younger generation has in organic production and foods is reflected in the initiation of organic academic certificates and degrees, as well as student farms at institutions of higher education (Sayre and Clark, 2011; Organic Farming Research Foundation, 2012) . As of 2011, there were 8 organic programs and 36 organic student farms at land-grant universities (Organic Farming Research Foundation, 2012) , and this has likely grown in recent years. The instructors pioneering these programs train the next generation of organic producers, researchers and consumers. They face unique challenges compared with colleagues teaching more standard agricultural production courses. These instructors teach a relatively new topic, which is closely tied to changing regulations and need to address the diversity of disciplines relevant to organic agriculture.
As in any classroom, students bring prior knowledge and experience with them on day one (Handlesman et al., 2007) . Prior knowledge on a topic can help or hinder student's future learning (Ambrose et al., 2010) and the topic of organic agriculture can be encountered by students at the grocery store, through social media, or in some cases on their own family farm, resulting in many students possessing some knowledge on the topic (Dahm et al., 2009) . Students in agriculture classes enter with incoming, often emotional, perceptions of organic agriculture. A survey of more than 3000 Finnish students demonstrated that attitudes toward organic food were associated with intuitive thinking styles, in contrast to rational thinking styles, and personal values (Saher et al., 2006) . Thus, student engagement with this course material can be more intuitive than rational, in connection to their personal values. Instructors need to teach about organic agriculture in ways that allow students to build on previous knowledge while interrogating their own incoming views and possible misconceptions.
With programs and courses in organic agriculture now offered at colleges and universities, there is still some uncertainty about how to best teach this burgeoning field to students. Considerable progress has been made and shared on the design of sustainable agriculture education (Trexler et al., 2006; Parr et al., 2007; Jacobsen et al., 2012) and more recently sustainable food systems education (Valley et al., 2017) . This work parallels the establishment of a professional society focused on sustainable agriculture education, the Sustainable Agriculture Education Association. Although organic agriculture and sustainable agriculture have overlapping areas of interest, they are distinct. This distinction emerges largely from the balance required to teach both the philosophy and regulatory structure of certified organic agriculture in the United States. Ngouajio et al. (2006) published a foundational work describing the general structure of organic horticulture curricula across nine land-grant universities. They highlighted that most organic programs include teaching, marketing, experiential, and facility-based (e.g., student farm) components. A detailed synthesis of critical topics and skills to comprise an organic agriculture curriculum is still needed.
A major concern in agricultural education in general is that instructors lack the breadth of experience in food and agriculture needed to broadly educate students (National Research Council, 2009 ). Teaching organic agriculture requires instructors to have specific knowledge of agricultural topics that span many disciplines, including but not limited to organic agronomic and animal science principles, national standards and regulations, certification, and management and marketing. The main goal of the work described here was to summarize the knowledge and experiences from a group of instructors of organic agriculture across institutions in the United States. Such a summary can help both new and experienced instructors to better prepare and teach courses in this topic area. Specifically, the objectives of this study were to (1) determine critical concepts and competencies for organic agriculture undergraduate education, and (2) identify challenges and opportunities to support instructors teaching organic agriculture.
METHODS

Instructor Recruitment
Faculty were recruited for interviews after conducting a nationwide search for courses related to organic agriculture. The search was conducted using a series of webbased lists, and then by using institution-specific searches. The Sustainable Agriculture Education Association maintains a list of academic degree programs. For each program listed we looked for organic-specific classes in the course requirements or elective courses. Once it was determined that an organic-specific class was offered, determining who taught the class was accomplished by looking at faculty pages and websites, searching the online course schedule, or by contacting the head of the program or department. Other lists used for this search focused on 4-year institutions and included land-grant universities, 1890 land-grant universities, and a list of Hispanic-serving agricultural colleges and universities (USDA-NIFA, 2015) . For institutions where it was not known what (if any) agricultural programs were offered, the institution's search tool was used. The terms agriculture, sustainable agriculture, organic, and organic agriculture were searched to find relevant programs or courses. If organic-specific classes were found, the same procedure for finding faculty was followed.
The three criteria we used to select faculty were (1) they teach a college-level course that is specific to or includes organic agriculture; (2) they represent experience from a range of types of 4-year institutions such as land-grant universities, other state or private 4-year universities, minorityserving institutions, and liberal arts colleges; and (3) they represent a range of background expertise (e.g., soils, pest management, business). We emailed faculty to seek participation, followed by a reminder email after 2 weeks. Faculty were then asked to complete a short online survey prior to interview, upload relevant syllabi to a web cloud, and schedule a phone interview.
Survey and Interview
Participating instructors filled out a 10-question, online survey before a phone interview. The survey was designed to collect information about the instructor's position, past experience, and the concepts and skills they thought were critical to teaching organic agriculture. Survey responses were coded into categories. Coding is an analytic process used to identify and group concepts, such that labels are assigned to individual responses to identify what those responses were about (Corbin and Strauss, 2008) .
Instructors were then interviewed over the phone using a semi-structured, open-ended interview strategy (as in Jabbour et al., 2013) . These interviews lasted from 30 to 60 minutes depending on instructor availability, and all instructors were given the option to end the interview at 30 minutes, given time constraints of busy faculty. Due to these time constraints, questions were prioritized in order of importance and not all questions were asked during each interview. Questions were developed from meetings with an advisory board comprised of three university agriculture educators: an experienced specialist in organic agriculture teaching, a Sustainable Agriculture Education Association board member, and a scientist with expertise in discipline-based education research. The interview was designed to determine which concepts and skills were taught, the geographic scope of teaching examples, and challenges and opportunities instructors had ( Supplemental Table S1 ). We included a series of questions to explore if and how students learned about the following topics: certification regulations, farm management and marketing, labor and social justice, climate change, soil, nutrient and pest management, and livestock production. The research plan was reviewed and declared exempt by the University of Wyoming Institutional Review Board.
Analysis
Interviews were audio recorded, assigned an anonymous identifier, transcribed, and coded individually using MAX Qualitative Data Analysis (VERBI Software, 2017) software. To maintain anonymity of participants, we summarized the number of faculty within each of four regions of the United States, aligned with the regions as defined by both the USDA Sustainable Agriculture Research and Education (USDA-SARE, 2019) and the USDA National Cooperative Soil Survey Regions (USDA-NCSS, 2019). The initial coding structure was comprised of categories for each interview question. Interview questions were developed based on discussions with the advisory board, reflecting important topics from this group of experts (Morgan et al., 2002 ). An open coding structure was used where new concepts were added as they were encountered during coding and marked to indicate that they were not part of the initial coding structure (Jabbour et al., 2013) . Additionally, categories were included for teaching spaces, teaching resources, and teaching limitations and opportunities. Respondents were not prompted specifically about these topics; however, they were coded if respondents brought them up during the interview. Data was summarized according to frequency of mentions, by calculating the number of respondents that mentioned a particular concept. Percentages were calculated based on the total number of respondents who were asked those questions. Anonymous quotations from respondents illustrate the themes identified.
Instructors were also asked to provide a syllabus for the organic agriculture course they taught. Syllabi were analyzed to determine course content using a rubric (Boss and Drabinski, 2014) . For each class meeting, the rubric assigned one point to the categories of plant production, livestock production, socioeconomics, regulation, and other. We scaled the scores according to total number of class meetings per course to adjust for courses that met at different frequencies. The result was the percentage of each course dedicated to the above categories. Class meetings listed as reviews, to be announced, or class presentations were not scored as part of the rubric. To determine interrater reliability, three syllabi were independently scored on the rubric by two separate raters. The percentage agreement was calculated by dividing the number of agreements by the number of agreements + disagreements (Stemler, 2004) . Interrater agreement was an average of 0.73, within the threshold of 0.70 set by Stemler. Only courses that centered on organic agriculture and/ or food production were evaluated. We analyzed syllabi for courses named organic and sustainable crop production, organic food and fiber, topics in organic agriculture, introduction to organic agriculture, organic farm planning, and other similar variations (n = 8). Courses that only focused on one highly specific element of organic production or that were general classes not specific to organic were not included in syllabi analysis.
RESULTS
Instructor Demographics
Of the 130 institutions searched for organic agriculture courses, 38 instructors were found currently teaching a relevant course. We initiated contact with a subset of these individuals with the aim of achieving diversity in institution type, region, and disciplinary background of the instructor. After contacting faculty, 19 individuals willing to participate were surveyed and interviewed. Individuals not included either failed to respond, declined, indicated they no longer taught in this area, or were too busy. Respondents were located all over the United States: seven respondents were located in the South, five from the West, four from the Northeast, and three from the North Central region. Other information on the respondents is summarized in Table 1 .
Critical Concepts and Skills
In the online survey, respondents were asked to identify two topics critical to their teaching of organic agriculture (Table 2) . Respondents most frequently identified topics within these categories: soils and soil fertility (44.4% of respondents), ecological principles (38.9%), and the National Organic Program certification and standards (27.8%). To summarize topics, responses were put into these broad categories. For example, some of the responses with the soils/soil fertility category included: soil health, soil physical structure and organic matter management, use of biological amendments for crop fertility, and nutrient management.
When asked on the online survey to identify two skills that students should be able to use after completing their course (Table 3) , the skill identified most frequently was the ability to analyze soil data and/or interpret soil information to make management decisions (22.2% of respondents). Examples of responses in this category include "analyze climate and soils data to determine suitable crops for a location" and "designing a nutrient management program." Other identified skills included critical thinking (16.7%), understand organic certifications/regulations (16.7%), understand soil fertility (16.7%), and ability to develop a project or farm plan (16.7%).
Of topics discussed in the interview ( Supplemental  Table S1 ), the topics most respondents covered were certification, pests, soils, and business management (Fig. 1) . The Table 1 . Summary of respondent interviewed, including positions held, departments located in, institution type, teaching appointments and years of experience with teaching organic courses.
Criteria Range Position
Instructor (2), assistant professor (6), associate professor (6), professor (3), regents professor (1), program director (1) Department Horticulture (4), plant science (6), crop and soil science (5), agriculture (2), biology (1), natural resources (1) Institution type Land-grant (12), other 4-year (2), liberal arts college (1), Hispanic-serving (3) Teaching appointment 15-100% (avg. 54%)
Years teaching organic 2-15 years (avg. 8.3 years) topics most respondents said they cover only occasionally were livestock, climate change, and social dimensions. Ten respondents said they covered livestock occasionally and four said they did not cover the topic at all. Respondents who said they did not cover the topic mentioned lack of background: "I've actually discouraged it because I have no background in it, so this particular course is based on plant and soil science." They also discussed lack of support: "Unfortunately it's difficult to find anyone in animal science who is knowledgeable or even interested in organic ag. So, this has been a challenge for me." On the topic of climate change, seven respondents covered the topic occasionally and three did not cover it. Social dimensions is a topic that nine covered occasionally and three respondents did not cover. One respondent said, "It's not my specialty. Something I'm extremely sympathetic to and I think like a lot of natural science folks, not trained in it, don't know quite how to do it, but really want to do it."
Teaching Challenges and Opportunities
Instructors identified many specific topics and skills as most challenging for their students to learn (Table 4 ). Both the topics and skills centered largely on systems and systems thinking, as well as nutrient management and fertility calculations. One respondent said, "I think they conceptually get the idea of systems, systems studies, systems research, systems perspectives and it totally makes sense, but they don't realize how complicated it is until they actually have to apply it."
Nutrient management was challenging for students due to the complex ways that management decisions can affect nutrient cycles: "[Students are] very good at knowing soil nitrogen cycles, all the aspects of that, nitrification, whatever. If you want them to contextualize it and think about that cycle within a cropping system, if you're tilling at this time or you're applying these amendments and this cover crop and this crop rotation cycle, what's the difference that will make for the nitrogen cycle vs. some other management practice? They have a really hard time putting it into context." With regard to nutrient calculations in particular: "That takes paying careful attention to what tables to use, understanding these proportional values to do a calculation and doing math and it's amazing to me how they can't do basic algebra or they find that very difficult, even if I've given them examples and I've walked them through all the steps."
Teaching challenges and opportunities were coded throughout the interview whenever mentioned by respondents. Most frequently, instructors discussed lack contentspecific teaching materials (nine respondents): "I think it's somewhat frustrating in our field because it's not like ecology or biology where there's a lot of standard textbooks. I spend time kind of piece-mealing maybe different articles and things together." Lack of knowledge or expertise on a specific topic was mentioned by eight respondents. One respondent gave an example of how they deal with teaching topics that are outside their expertise, "I've had one student who wanted to have a shitake mushroom business. She did a great job and she was really motivated, so it's basically a little bit of a balance." They go on to relate this experience to teaching about livestock, "I don't want to kill the motivation, but at the same time there's no way I could support the animal production part." Lack of time or difficult timing was also frequently mentioned (eight respondents). For example, it was difficult to time classes to accommodate farm visits or include hands-on work in the winter season. One respondent shared, "The course is actually going to be shifted from a spring course to a fall course. The justification for that is that we can be outside more weeks in the fall on the farm."
Mentions of sources for support or opportunities throughout the interview were coded. The most frequently mentioned support was a guest speaker or lecturer (15 respondents), followed by co-teaching or having a teaching assistant (seven respondents), and having connections with farmers or producers (seven respondents).
Geographic Scope
Respondents were asked about the geographic scope of the examples they used in class and prompted to identify Table 3 . Prior to interview, respondents identified skills that students should be able to use after completing the respondent's course. Skills are listed with the number of respondents who identified them and the percentage of respondents out of 18.
Skills
Respondents ( if they were local, regional, national, or international in scope. Of the 19 respondents, 14 said they used local examples, 12 used international examples, 11 used regional examples, and 9 used national. Respondents often mentioned using more than one scale. For example, one respondent said, "I try to actually probably have a balance of local, national, and international examples, 30/30/30 or something like that." One reason that respondents gave for using local and regional examples is that students are able to interact with these at a nearby farm or student farm and are more engaged in issues closer to home. "I use a lot of [local] examples and in the food systems class there's a lot of dialogue and conversation about local and regional food systems as a potential solution to some of the challenges." Respondents who mentioned using national examples often framed them within the context of federal policies and regulations. One respondent shared that students create a hypothetical farm for developing a management plan and allows them to locate their farm anywhere in the United States: "It is more local in the sense that we have them develop a crop rotation. We have them develop a pest management plan or learn about a pest species and how they would manage it. We have them design a nutrient management plan for their crop rotation. We have them design a marketing plan and look what USDA policies or Farm Bill programs they could take advantage of. And so, they can put this farm where they want, or they can have it be the student farm." International examples often stemmed from bringing in readings or respondent and guest lecturer experiences from abroad. One respondent mentions drawing on their personal experiences abroad to highlight international examples, "I would say most of the international examples come from me, from travel or spending [time] in Europe every year [teaching] ."
Syllabi Content
According to course syllabi, the percentage course time allocated to each topic area on average was as follows, from greatest to least: plant production (53%), socioeconomics (26%), regulation (12%), other (6%), and livestock Learning how to learn 1 5.9
Practical farm skills 1 5.9
Complex thinking 1 5.9 production (4%). The range in emphasis across courses within a topic varied as well. Percentage time spent on plant production varied most widely (20-75%), followed by socioeconomic topics (11-48%), regulatory topics (3-27%), other (0-13%), and lastly livestock production (0-12%).
DISCUSSION
The critical concepts identified by these instructors align with foundational organic principles (Table 2) . Instructors placed the most emphasis on soils and ecological systems, areas that loom large in the history of organic agriculture, whether Sir Albert Howard's interest in holistic approaches to soil fertility or Lady Eve Balfour's systems-level approach to comparing organic and non-organic farming (Heckman, 2006) . These philosophical underpinnings of organic agriculture were immediately followed on the list by certification and National Organic Program standards, highlighting the explicit balance required between the spirit of organic agriculture and the legislation. This balance is ever-changing with regular review and possible changes of regulations by the National Organic Standards Board. For example, soil was the most critical topic mentioned by instructors with regard to teaching organic agriculture, and now hydroponic soil-less production can be certified organic.
The examples instructors used in their teaching were most likely to be local or international in scope. This highlights the need for multi-regional teaching resources that allow students to learn about the organic industry across the United States. Many instructors mentioned using extensionoriented resources for teaching organic agriculture coursesfor example, the book Building Soils for Better Crops (Magdoff and van Es, 2009 ) and materials from the extension community of practice eOrganic (eOrganic, 2014) . These are rare examples of national-level extension resources for organic agriculture, as most farmer and gardener associations are regional in nature, as are resources produced from land-grant universities and regional Sustainable Agriculture Research and Education funding mechanisms.
Instructors expressed the need for teaching materials specifically focused on organic agriculture, such as a standard textbook. Although many instructors do not use a textbook in their courses, some referenced the utility of the guide Teaching Organic Farming and Gardening: Resources for Instructors (Brown et al., 2015) from the Center for Agroecology and Sustainable Food Systems at the University of California, Santa Cruz. A few respondents did mention books that they use as texts by Hansen (2010) , Francis (2009), and Wiswall (2009) .
Based on the combined analysis of interviews and syllabi, the area most limited in current teaching efforts is livestock production. This topic is far less accessible to students on most university campuses, including the reality that it is more difficult to include livestock on student farms than instruction on plant production (Sayre and Clark, 2011) . Although we tried extensively at the time of our faculty search, we were unable to find an instructor to interview for this project that was based in an animal sciences department or trained as an animal scientist who also taught an organic agriculture or food production course. Thus, although it is possible that the limited teaching on livestock production documented in this project is a function of the disciplinary-background of the instructors, a broader question is why animal science-based instruction on this topic is so limited. This gap highlights a major need.
CONCLUSIONS
Collaboration is a common theme of organic agriculture teaching approaches. Whether respondents discussed collaboration with other instructors, local farmers, or other members of the industry and community, this was a repeated answer to the near ubiquitous challenges of limited time, resources, and specialty areas. Few respondents interviewed formally team-teach, although this would be a natural opportunity and excellent fit given the disciplinary diversity within organic agriculture and food production. Specifically, organic agriculture instruction may be best accomplished by collaboration of instructors from across units (e.g., horticulture, animal science, and agricultural business faculty).
Given that there may be limited expertise in organic agriculture within an individual institution, development of multiinstitution courses is another potential avenue to better provide quality teaching on this topic to students (National Research Council, 2009 ), although we acknowledge this has many strategic and logistical challenges. A more tenable opportunity for cross-institution collaboration could be the development of "open" textbooks or other open educational resources on organic agriculture, thus helping provide teaching. Such resources have been developed in related disciplines such as soil science (e.g., Moorberg and Crouse, 2017) . In addition to serving as platforms for multi-institution collaboration for instructors, such products could allow improved access to students via reduced textbook costs.
A final consideration for instructors and administrators involves placement of organic agriculture courses within the broader curriculum map for their students. Positioning organic agriculture classes as a capstone or integration course serves as a possible strategy to help prepare students for success, given the multidisciplinary content. It would allow undergraduate students to engage with this material after taking introductory soils, plant science, and economics courses (for example). A counterpoint is that an introductory-level organic agriculture class can serve as a spark for students who are passionate about organic food but unaware of the broader agricultural context. Many options exist for introducing and adapting organic agriculture courses for undergraduate students, and the perspectives offered here can help instructors be strategic in their approach. Supplemental Table S1 shows the list of interview questions used in this work.
SUPPLEMENTAL MATERIAL
